We present 22 901 OB spectra of 16 032 stars identified from LAMOST DR5 dataset. A larger sample of OB candidates are firstly selected from the distributions in the spectral line indices space. Then all 22 901 OB spectra are identified by manual inspection. Based on a sub-sample validation, we find that the completeness of the OB spectra reaches about 89 ± 22% for the stars with spectral type earlier than B7, while around 57 ± 16% B8-B9 stars are identified. The smaller completeness for late B stars is lead to the difficulty to discriminate them from A0-A1 type stars. The sub-classes of the OB samples are determined using the software package MKCLASS. With a careful validation using 646 sub-samples, we find that MKCLASS can give fairly reliable sub-types and luminosity class for most of the OB stars. The uncertainty of the spectral sub-type is around 1 sub-type and the uncertainty of the luminosity class is around 1 level. However, about 40% of the OB stars are failed to be assigned to any class by MKCLASS and a few spectra are significantly misclassified by MKCLASS. This is likely because that the template spectra of MKCLASS are selected from nearby stars in the solar neighborhood, while the OB stars in this work are mostly located in the outer disk and may have lower metallicity. The rotation of the OB stars may also be responsible for the mis-classifications. Moreover, we find that the spectral and luminosity classes of the OB stars located in the Galactic latitude larger than 20
INTRODUCTION
Massive stars (> 8 M ⊙ ), historically classified as OB stars, are the main source of chemical enrichment and re-ionisation of the universe, thus they play a major role in the evolution of their host galaxies. They can lead to various types of supernovae (SN), e.g. SN Ib, SN Ic, SN IIP (e.g., Poelarends et al. 2008; Pols 1997) . They may also result in a rich diversity of gamma-ray burst (GRB) phenomena, including long GRBs, soft GRBs et al. (e.g., Langer 2012) . Through powerful stellar winds and supernova explosions, massive stars can strongly influence the chemical and dynamical evolution of galaxies. They may also dominate the integrated UV radiation in high-redshift young galaxies.
Because of their enormous intrinsic brightness and short lives, massive OB stars (> 8M ⊙ , referred as "normal" OB stars hereafter) were usually used as valuable probes of present-day elemental abundances (e.g., Gies & Lambert 1992; Kilian 1992; Venn 1995; Przybilla et al. 2013) , especially for the blue supergiants referred as an ideal tracer of extragalactic metallicity (see Kudritzki et al. 2008 Kudritzki et al. , 2012 Kudritzki et al. , 2014 Kudritzki et al. , 2016 , and references therein). In addition, through studying the distances of about 30 OB stars in the solar vicinity, Morgan et al. (1952) firstly published the Milky Way spiral structure sketch.
Recently, Xu et al. (2018) identified the distance from Gaia DR2 data (Gaia Collaboration et al. 2018) for about 6 000 bright OB stars (Reed 2003) and map the nearby spiral arms with this samples. In addition, OB stars are also used as good tracers to explore the size of the Milky Way disk (Carraro et al. 2010; Carraro 2015; Carraro et al. 2017) , as they can be identified at large distance. Except the "normal" OB stars, there are also some lowmass OB stars such as hot sub-dwarfs, white dwarfs, blue horizontal-branch (BHB) stars, post asymptotic gi-ant branch (post-AGB) stars etc.
Based on some stellar models, massive stars evolve through blue loops, that is, from main sequence to blue supergiant, to red supergiant, and then back to blue supergiant again (Schaller et al. 1992) . Hence, blue supergiant is an important phase and can tightly constrain the evolution models of massive stars (Maeder et al. 2014) . However, to date we still have poor knowledge of massive stars in the blue supergiant evolution stage, especially how strong their stellar wind affect the evolution. As a consequence, the final destination of blue supergiants is unclear. For instance, if they have sufficient mass loss, they can evolve into a Wolf-Rayet star and finally become a white dwarf, or explode as supernovae in Wolf-Rayet stage, or explode directly as supernovae in blue supergiant stage (Massey 2003; Crowther 2007; Smartt 2009 ). Furthermore, the variable stellar winds have also been identified in some blue supergiants from their variable Hα line profile, which made this issue more complicated (Aerts et al. 2010; Kraus et al. 2015; Haucke et al. 2016) . In addition, the mass loss during blue supergiant stage can play similar role to supernova remnant in the feedback from the massive stars to the ISM (Negueruela et al. 2010) .
Binarity may play also important role in the evolution of the massive stars de Mink et al. 2009; Sana et al. 2013; Sana 2017) . In general, massive stars have high binary fraction (Mason et al. 2009 ) and most of them belong to short period systems (Sana & Evans 2011) . Because of the expanding of the evolved primary massive stars, mass exchanging will occur in close binaries between the primaries and their companions, which may drastically alter the evolutionary track of a massive star (Podsiadlowski et al. 1992; Wellstein & Langer 1999; Claeys et al. 2011; Langer 2012) .
Rotation is another important physical ingredient for massive stars, which may determine the fate of both single stars and binaries. Domiciano de Souza et al. (2003) pointed out that rotation deforms the star to an oblate shape, and extra mixing may be induced in the interior, which has been used to explain the observed surface abundance anomalies, such as nitrogen enrichment of several massive stars in main-sequence phase (e.g. Heger & Langer 2000) . However, the existence of the highly nitrogen-enriched with slow rotation and relatively non-enriched with fast rotation found in the VLT-FLAMES survey samples (see de Mink et al. 2009 , and references therein) make the rotational mixing theory still in debate. These massive star samples with accurate abundance determinations and a wide range of rotational velocities were obtained from the VLT-FLAMES survey (Evans et al. 2005; Hunter et al. 2008) .
Alternative processes, such as mass transfer in binaries, may also play some role in the nitrogen enhancements of massive main-sequence stars proposed by Langer et al. (2008) . In addition, rotation has been identified as an important factor to mass loss of massive stars for the evolution of both single star and binary (Meynet & Maeder 2000 Heger & Langer 2000; Langer 2012; Ekström et al. 2012) .
To obtain new spectral classifications of at least all Galactic O stars brighter than B = 13, the Galactic O-Star Spectroscopic Survey (GOSSS) has been carried out to get high SNR blue-violet spectra with R ∼ 2500 for about 1000+ O stars within a few kpc of the Sun . Sota et al. (2011 Sota et al. ( , 2014 presented spectral classifications for a total of 448 stars, which is almost the largest catalogue to date of the Galactic O stars with accurate spectral classification. In order to further study these O stars such as their binarity, physical parameters, and so on, four other surveys (OWN, IACOB, NoMaDS, and CAFÉ-BEANS) have also been carried out to obtain high-resolution optical spectroscopy of a subsample of Galactic O stars in parallel to GOSSS (Sota et al. 2014 , and references therein). In addition, the Bright Star Catalogue, also known as Yale Bright Star Catalogue, contains 9106 stars and 4 non-stellar objects, of which all stars with V ≤ 6.5 (Hoffleit & Jaschek 1991) . This catalogue contains 50 O stars and 1711 B stars, which can be seen by naked eyes. However, there is no survey project on schedule mainly focuses on Galactic B stars. Roman-Lopes et al. (2018) developed a near-infrared semi-empirical spectral classification method and successfully identified four new O stars, which was mistakenly classified as later B stars before, from the DR14 APOGEE spectra of 92 known OB stars.
While ionized helium (He II) lines appear in O stars , B stars are mainly identified from the optical neutral helium (He I) lines, which will essentially disappear in the spectra of A stars and O stars (Gray & Corbally 2009 ). Spectral analyses with large and homogeneous samples are very valuable for OB stars, because some new observational constraints can be outlined on their origin and evolutionary status. Furthermore, the distant and faint OB stars in the Milky Way are still rare. In this paper, we identify more Galactic OB stars from the data release 5 (DR5) of the Large Sky Area Multi-Object Fiber Spectroscopic Telescope (LAMOST) survey, which contains around 8 million stellar spectra. Because of this survey mainly focus on the anti-center direction of the Milky Way, more distant and faint Galactic OB stars in the Galactic outer disk are identified in this work. Because their lower metallicities than the ones in the solar neighborhood, these new OB stars may provide different evolution tracks and thus give new observational constraints.
The paper is organized as the following. In section 2, we briefly introduce the basic data from LAMOST DR5, and the details of the method to search for OB stars is descripted in section 3. In section 4, the subclassification of the identified OB stars is conducted. In section 5, we summarize the distribution of different subtypes of OB stars in line indices space and in spatial locations. Finally, a short conclusion is drawn in section 5.
2. DATA
The LAMOST Data
The LAMOST, also called Guo Shou Jing telescope, is a 4-meter reflective Schmidt telescope with 4000 fibers on a 20-square degree focal plane and a wavelength coverage of 370-900 nm (Cui et al. 2012; Zhao et al. 2012; Luo et al. 2012) . The unique design of LAMOST enables it to take 4000 spectra in a single exposure to a dynamical range of magnitude from r = 9 to 18 mag at the resolution R = 1800 . The LAM-OST survey has finally obtained more than 9 million low resolution stellar spectra, 8 million of which are stellar spectra, after its 5-year survey (DR5). Previous works have shown that LAMOST observations are biased more to the giant than the dwarf stars, since the limiting magnitude is relatively bright (Liu et al. 2014; Wan et al. 2015) . With such a large amount of spectra, we are able to identify many interesting but relatively rare stellar objects, such as carbon stars (Ji et al. 2016; Li et al. 2018) , Mira variables (Yao et al. 2017) , or early type emission line stars (Hou et al. 2016 ) etc.
Line Indices
According to Liu et al. (2015 Liu et al. ( , 2017 , the selection function of LAMOST survey does not strongly bias to any spectral type of star. This implies that LAMOST catalog should be composed of almost all types of stars. Liu et al. (2015) suggested to classify all types of normal stars from spectral line indices. Compared to the traditional approach to classify the spectral types, using line indices allows a semi-automatic classification. With multiple spectral line indices, various spectral types may transitionally change from one to another, which naturally reflect the variation of the astrophysical parameters, e.g. effective temperature, surface gravity, and luminosity, from type to type.
The line index in terms of equivalent width (EW) is defined by the following equation (Worthey 1994; Liu et al. 2015) :
where F λ and F C are the fluxes of spectral line and pseudo-continuum, respectively. F C is estimated via linear interpolation of the fluxes located in the "shoulder" region on either side of the line bandpass. The unit of line index under this definition is inÅ. For the spectra with signal-to-noise ratio larger than 15, the typical uncertainty of the equivalent widths of the atomic lines is smaller than 0.1Å (Liu et al. 2015) . In light of Liu et al. (2015) we identify LAMOST observed OB type stars from the selection in line indices space. In general, as the hottest normal stars, OB type stars show moderately weak Balmer lines with strong neutral or ionized He lines. The neutral metal lines, however, are very weak or even disappeared. We apply these features to discriminate OB type stars from other cooler ones.
We re-calculate the equivalent width of spectral lines listed in Table 2 of Liu et al. (2015) for the LAMOST DR5 spectra. Moreover, we additionally calculate the equivalent width of Ca II K line following the definition that the line bandpass is at (3924.7, 3942.7)Å and the two continua bands are at (3903, 3923) and (4000, 4020)Å following Beers et al. (1999) and the equivalent width of He I (4471Å) providing that the line bandpass is (4462, 4475)Å and the left and right continua are (4450,4463) and (4485, 4495Å), respectively. To obtain a stable measurement of Fe, we average over all nine Fe lines defined in Lick indices Worthey (1994) . That is, we denote EW F e as the mean value of lines 4383, 4531, 4668, 5015, 5270, 5335, 5406, 5709 , and 5782Å.
IDENTIFICATION OF OB STARS
We firstly select the stellar spectra with signal-to-noise ratio (S/N) larger than 15 in g-band from LAMOST DR5, and obtain 4 940 840 stellar spectra. It should be noted that some stars have been observed multiple times and contribute several spectra.
Second, we map the above stars in Ca II K vs. Hγ plane (see Figure 1) . We overlap the loci of the mainsequence and giant stars provided by Liu et al. (2015) and find that OB stars are mostly located at the area with smaller values of Hγ and Ca II K. Therefore, we empirically select the area surrounded by the red solid lines such that most of the stars following the loci of the OB types are included. Specifically, we select the stars satisfying the following criteria
and −4.5 ≤ EW Hγ ≤ 14.
After applying this cut, 151 902 OB candidates are selected. Third, we further map the candidate samples in the Fe vs. Hγ plane and remove the stars with strong Fe absorption features (see Figure 2) . Although the figure Liu et al. (2015) , respectively. The red solid lines are the cuts for OB candidate, following Equations (2) and (3). indicates the location of the late type stars, not many late type stars are in the 151 902 samples after the previous cuts showing in Figure 1 . The following empirical criteria is adopted EW Fe < 1.5 if EW Hγ < 6,
This cut can exclude most of the late type stars, according to the stellar loci overlapped in the figure. We allow the cut in Fe slightly larger at Hγ< 6.0 to include most of the giant and supergiant stars since they may located in between the locus of the B type main-sequence and that of late type stars. We finally obtain 122 504 OB candidates, in which 19 681 stars are with Hγ < 6 and 102 823 stars with Hγ ≥ 6. The OB candidates with Hγ ≥ 6 are substantially contaminated by A, F and G stars, which have very weak or no He I absorption features.
It is noted that the equivalent widths of Ca II K, Hγ, Fe and He I have negative values, which are due to the variation of the pseudo-continua affected by other absorption lines. This systematics is very difficult to be removed since the nearby strong absorption lines make it impossible to find the real continua. Nevertheless, the systematic offsets would not affect the identification of the weak Ca II K, Fe, and Hγ features and strong He I (4471Å) lines, because not the absolute values of EWs, but the relative values play key role in the identification of OB stars.
In addition, using the above selection criteria we may miss the stars without Ca II K, Hγ, or Fe measurement. This is mostly due to the spectra with bad fluxes in the relevant wavelength regions. To identify as many as OB stars, we add additional 2 055 stars with incomplete measurements of any of the above lines to the OB star candidates.
We further inspect the spectra for totally 124 559 (122 504+2 055) OB star candidates by eyes for confirmation. To judge whether the candidate spectra are real OB stars, we mainly used the following line features, such as the Hγ, Hδ, He I lines at 4026, 4387, 4471Å, He II lines at 4200, 4541, 4686Å, Mg II at 4481Å Si III triplet at around 4552Å, and N III triplet at 4634, 4640, 4642Å, etc. The spectra without He I and He II line features are firstly removed. Then, the intensity of the Balmer lines are considered as the indicators of spectral type, because they are prominent and reach the maximum at A2. The ratios of the strengths of He I to He II lines are also used to distinguish O and B stars, because He II lines usually absent in the spectra of B stars and the intensities of He I tends to increase with decreasing temperature while He II decreases. The ratio He I 4471/Mg II 4481Å is used to diagnose the contaminated stars, when it is less than 0 the star is removed. This procedure has been done at least twice by the same people and has been independently confirmed by other people to avoid severe bias of the judgment.
Finally, we identify 22 901 spectra of 16 032 OB stars from the 124 559 spectra of the candidate sample above via the visual inspection. The final OB sample includes 135 spectra of 91 O stars, 21 658 spectra of 15 087 B stars, 948 spectra of 727 hot subdwarfs (including sdO and sdB), and 160 spectra of 127 white dwarfs (WDs). The summary of the numbers are listed in Table 1 and the catalog is listed in Table 3 . Because in this work we only concern about the "normal" OB stars, the hot subdwarfs and WDs selected in this work aren't for purpose and thus are not guaranteed to be the complete samples.
The top panel of Figure 3 shows the histograms of Hγ (top panel) for the 21 690 "normal" OB stars, the ex- The candidates contains 122 504 spectra selected from spectral line indices and 2 055 without line measurements. b: This is the sum of normal O and B stars (the above two rows). c: This is the total number of normal OB, hot subdwarfs and white dwarfs (the sum of the above three rows).
cluded 101 156 non-OB stars, and the total 122 846 candidates, respectively. It is noted that the 948 hot subdwarfs and 160 white dwarfs are not included in this figure. Besides, 103 of 21 793 (135 O stars+21 658 B stars) "normal" OB stars and 605 of the total 124 559 candidates with no measurements of the equivalent widths are not included in this figure. The bottom panel shows the distribution of He I (4471Å, bottom panel) for the same three groups, but the stars without measured equivalent width of He I (4471Å) are not included. It is seen that many of (but not exclusively) the visually-selected OB stars are found in the region of strong He I (> 0.1) and moderately strong Hγ (peak at about 7). However, 11 247 non-OB stars are also located in the moderately strong Hγ (5.0 − 10.0) and strong He I (> 0.1) regime. Their fraction is about 43.7% of 25 703 OB candidates in this regime. They are double checked and found that they are contaminators due to the noise in the spectra. Some of the moderately strong Hγ stars also show strong He I, most of them are not OB stars but their He I measures are affected by the local spikes in the spectra.
Completeness
We arbitrarily select 5000 spectra with S/N> 15 and Galactic latitude within (-20 • and +20
• ) from LAMOST DR5 and manually inspect the spectra. We identify 72 OB type spectra from the random sample, 52 of which are in our list previously identified and 20 have been missed. This means that the completeness overall spectral types is around 72%.
We assign the spectral sub-type by eye inspection for these spectra according to the criteria listed in Table 2 . We then map both the previously identified and missed spectra in the Ca II K vs. Hγ and Fe vs. Hγ planes in Figure 4 . It shows that all the identified and missed OB stars comply with the selection criteria described by Equations (2)-(4). This means that the first cuts in the line indices space for OB stars are quite robust and essentially do not miss any OB stars. Figure 5 shows the histograms of the spectral subtypes for the identified and missed OB stars. Based on this small sub-sample, the completeness of the identified OB stars earlier than B7 is better than 89 ± 22%, while the completeness of the OB stars later than B7 is larger than 57 ± 16%. Note that the missed OB stars are all later than B6. This is probably because that the late B type stars are quite difficult to be discriminated from the early A type stars because weak metal line features are sometimes not that clear.
It is also noted that the completeness is under the selection function of LAMOST. LAMOST survey can only select a small fraction of targets to observe. Therefore, the completeness here means how many OB stars we identify from the LAMOST observed spectra, which is different with the completeness with respect to the intrinsic OB population.
SUB-CLASSIFICATION
To better understand the selected OB stars, assigning spectral sub-type and luminosity class to each of them is critical. We apply MKCLASS, which is an automatic classification package developed by Gray & Corbally (2014) , to classify the spectral sub-type and luminosity class for the identified OB stars. • . The filled circles are OB stars identified with the previous approach, while the filled triangles are those failed to be identified. The colors code the spectral sub-types of these spectra according to the criteria of Table 2 . The red lines in both panels stand for the same selection criteria used in Figures 1 and 2 , respectively. The black and red histograms show the distribution of spectral sub-types for the identified and missed OB stars, respectively, in the arbitrarily selected 5000 spectra. The two blue dots align with the right hand-side y-axis, which indicate the completeness of the selection criteria. The left blue dots indicates the completeness for the stars earlier than B7, while the right one indicates the completeness for the stars later than B7.
MKCLASS
MKCLASS is designed to classify blue-violet spectra in the MK spectral classification system (Keenan 1993) . The direct comparison between the program star and the MK standard stars is carried out by the package during the classification process. The version 1.07 of MK-CLASS 1 is used to classify the 101 086 spectra of 80 447 objects over the entire Kepler field acquired through the LAMOST-Kepler project, which was designed to obtain high-quality, low-resolution spectra of a sample of stars in the Kepler field with the LAMOST (Gray et al. 2016; De Cat et al. 2015) .
Two MK standard star libraries (i.e., libnor36 and libr18 ) are distributed with MKCLASS, one based on flux calibrated spectra covered 3800-5600Å and with a resolution R ∼ 1100, while the second one based on rectified spectra covered 3800-4600Å and with R ∼ 2200. MKCLASS can determine the spectral type in terms of the MK system for a normal star and assess its performance of classification using "excellent", "verygood", "good", "fair", and "poor" at the same time. The χ 2 is computed between the program spectrum and the best matched spectrum of the standard star, which is the basis for performance assessment. Through applying successively greater amounts of noise to the spectrum of Kurtz (1984) solar flux atlas, Gray & Corbally (2014) investigated the impact of the S/N to the quality of MKCLASS outputs. They found that, for the solar spectrum with S/N 20, MKCLASS could give the accurate spectral type G2 V.
Sub-classification of OB stars using MKCLASS
Since the LAMOST spectra are not flux-calibrated, we use the library libr18 for the classification. Before performing MKCLASS, we adjust the spectral calibration of the library spectra to make it consistent with the LAMOST spectra. The actual spectral resolution of the LAMOST spectra in blue wavelength is quantified using five strong arc lines at around 4046, 4358, 4678, 4800, 5090, 5470Å in the arc spectra (They are Hg and Cd lines since the blue arc lamp is a HgCd lamp, see Han et al. 2018 ). The median FWHM of these arc lines over ∼ 4000 fibers (a few of dead fibers have been removed) is 2.78 ± 0.07Å. Therefore, we convolve the library lib18 to reduce the resolution from 1.8Å to 2.8Å so that its resolution is consistent with LAMOST spectra. We denote the new modified library as libr18 28. Then we submit the 21 793 normalized spectra of our identified normal OB stars (sub-dwarfs and white dwarfs are excluded) to MKCLASS. The output results are listed in Table 3 . The 8th column is the MK spectral type identified by MKCLASS in the standard format, i.e., the spectral subtype at first place followed by the luminosity class. Figure 6 shows the distribution of stars in spectral sub-type vs. luminosity class plane according to MK-CLASS with quality evaluation better than "good" and including "good". It shows that most of the OB stars are distributed between B3 and A1 in spectral type. Only 123 are classified as O type stars. 524 stars are even classified as F-type stars. While most of the OB type stars are in luminosity class V (main sequence), two substantial giant/supergiant branches are displayed in the figure: one is located at around B4-B5 and the other is at around B8-A0. If we focus on the overdensities of the distribution, two substantial overdensities can be seen at B4V with 1 100 samples and B9II-III with 591 stars, respectively. The branches and overdensities reflect the combination of the intrinsic distribution of the OB stars in the spectral and luminosity types and the observational selection effect.
According to the online documentation, the libr18 spectral library only contains stars up to spectral type O9
2 . This means that MKCLASS would not be able to identify any star earlier than O9. Figure 7 shows the histograms of the results identified by the MKCLASS for 135 spectra of 91 O stars identified in the by-eye analysis (see Table 3 ). It can be seen that except results with labels "?" or "??", most of O stars identified via visual analysis are identified as type O9 by MKCLASS.
Quality flags from MKCLASS
Among the results of sub-classification, 209 spectra are rated as "excellent" with the median S/N = 427 at g band, 8 109 as "vgood" with S/N = 166, 3 279 as "good" with S/N = 50, 762 as "fair" with S/N = 96, and 1 as "poor" with S/N = 19. Gray et al. (2016) pointed out that spectral types with "fair" are uncertain and those with "poor" are unreliable. These two quality categories are usually assigned to the spectra with substantial defects or low S/N. Figure 8 shows the correlation between the quality flags from MKCLASS and signal-to-noise ratio of the 2 http://www.appstate.edu/~grayro/mkclass/mkclassdoc.pdf spectra. It shows that the "excellent" results are only for the spectra with signal-to-noise ratio larger than 200. Most of the spectra with signal-to-noise ratio larger than 100 obtain the quality level of "verygood". Most of the stars with signal-to-noise ratio lower than 100 are assigned with "good" and "fair". Note that there are also 273 stars with signal-to-noise ratio larger than 200 assigned with "good" and "fair". This is mostly because that 1) a few spectra have overestimated signal-to-noise ratio and 2) MKCLASS may significantly misclassifies the sub-types for a few stars.
The top panel of Figure 9 shows the distribution of the spectral types of the OB stars obtained from MKCLASS. It is seen that while not many spectra are qualified as "excellent", the majority are the stars with quality of "verygood" covering from O9 to A1 type. A trend is that the distribution of the spectral types shows two peaks at B4 and B9, respectively. The two peaks are likely due to the two overdensities located at B4 V and B9 II-III, respectively, displayed in Figure 6 . 1 205 OB spectra are misclassified as F type stars with quality level of "good" and "fair". We analyze some sample of these spectra in section 4.4.
The bottom panel shows the distribution of the luminosity class from MKCLASS. As expected, most of the stars are main-sequence (V) stars. The quality flags "fair" only appear in luminosity class I and V.
Issues of the MKCLASS results
Some of the OB spectra are not correctly classified by MKCLASS.
MKCLASS assigns question marks to 4 922 spectra. According to Gray et al. (2016) , this is likely because that some fluxes in the spectra are negative. However, when we investigate the spectra in details, we find lots of them are normal B type stars. Figure 10 shows some sample spectra classified by MKCLASS with labels of question marks (see the first to third spectra). From this figure, we can see that this issue is mainly due to the spectra with emission lines (first spectrum), or lower signal to noise (second), or strong helium lines (third).
Meanwhile, it assigns "Unclassifiable" for 89 spectra. Gray et al. (2016) thought that these are because the negative fluxes in the cores of strong lines (e.g. Ca II K), which is introduced by the excessive background subtraction. We investigate these spectra and find that many of them look normal (see the fourth spectrum in Figure 10 ). The fourth spectrum seems have stronger He I lines than the template spectrum.
Moreover, MKCLASS cannot converge to a single type but provides discrepant classifications with different criteria for 4 422 spectra. In these cases, MKCLASS outputs flags like "kB8hA9mK0 Eu", which means that the K-line determined spectral type is B8, the hydrogen-line determined type is A9, and the metallic-line clasified type is K0 (as an instance, see the fifth spectrum in Figure 10 ). In the mean time, the star may show strong Eu lines, which should not be true for early type stars. This kind of results are because that MKCLASS determines separate temperature types using the Ca II K line, the hydrogen lines, and the general metallic lines from the spectra. When these determinations are not consistent, MKCLASS tends to give such a long and complicated special type. There is no quality evaluations given for this kind of classifications. Figure 11 shows Figure 10 . The sample spectra that the MKCLASS assignes labels of question marks. The black solid lines represent the observed spectra, and the red dashed lines represent the proper template spectra manually selected from the library lib18, whose resolution have been reduced from 1.8Å to 2.8Å. The spectral types from up to down are B2V, B2III, B2III, B1III, B8V, B1V, respectively. A template spectra with the spectra type of F4 V is provided for comparison (black dashed line). EW of Hγ than those with inconsistent classes. This is probably because 1) the stars with inconsistent classification may be affected by their fast rotation leading to broader H lines or 2) the stars with inconsistent classification may have lower metallicity (Fraser et al. 2010; Martins et al. 2017 ).
Assess performance of the MKCLASS
We access the performance of MKCLASS in two ways. First we use the OB stars with multiple observations to check the consistency of the MKCLASS. For each observed spectra, we have one MKCLASS classification. For the OB stars with multiple observations, we can compare whether MKCLASS assigns consistent classes for same stars based on different epoch spectra. Figure 13 shows the distribution of the standard deviations of the spectral and luminosity types of the repeatedly observed OB stars. We can see that for most of the stars with multiple observations, the MKCLASS can give a consistent spectral and luminosity types with dispersions of about 1 sub-type and 0.5 luminosity level, respectively.
Second, we arbitrarily select 1 000 OB stars to independently classify them by eyes. When we do the manual inspection, we do not know the results of classification from MKCLASS. In other word, this test is a blind test.
Based on Gray & Corbally (2009) and considering the low-resolution characteristics of the LAMOST spectra, we select a set of the most prominent features to discriminate the spectral and luminosity types. The panels from top to bottom show the sequence of the manually classified luminosity classes, i.e., V, III, I, respectively. And the sequence of manually classified spectral sub-types for sample spectra are displayed in each panel. The corresponding spectral sub-types, luminosity classes and the obsid (the ID of a spectrum in LAMOST catalog) are marked under the corresponding spectra. Important line features are marked in the plots. Counts Figure 13 . Distribution of the standard deviations of the spectral and luminosity types of the multiply observed OB stars. The x-axis represents the standard deviation of the spectral types classified by MKCLASS in different observations, and the y-axis represents the standard deviation for there luminosity types. The numbers in x-axis represent for the spectral sub-type such as 0.1-0.9 for O1-O9, 1.0-1.9 for B0-B9. And the numbers in y-axis stand for luminosity subtype, i.e. 1-5 for I-V.
For O-type stars, the prominent features include He I and He II lines at 4026, 4200, 4541, and 4686Å, a group of N III lines located at 4634-4640-4642Å. He II 4200, 4541 and He I/II 4026 reach their maximum at O5. They are weakened when the luminosity type changes from dwarfs to giants. They become very weak or even become emission lines in the spectra of supergiants. The N III lines strengthen from O2 to O4 and then weaken when the spectral type changes to O7. Meanwhile, these lines also become stronger in giant stars (Walborn & Fitzpatrick 1990; Lennon 1997; Gray & Corbally 2009; Sota et al. 2011) .
For B-type stars, the line ratio between He I 4471 and Mg II 4481Å is the well known indicator of the spectral type. Luminosity types of B-type stars are usually discriminated by looking at the ionized metal lines, e.g. Si II 4128-4130, Si III 4552-4568-4575, C II 4267, N II 3995Å etc.
More detailed criteria for discrimination of the spectral sub-type and luminosity class are listed in Table 2 . In this table, the first row of each spectral sub-type gives the general features of the sub-type. The second row of each sub-type provides the criteria of luminosity classification.
Based on all these criteria we obtain the spectral subtypes and luminosity classes of all the arbitrarily selected OB stars. Compared to MKCLASS results, 646 of the 1 000 spectra are assigned meaningful sub-classes (not "?" or "Unclassifible") with quality flag of at least "good" by MKCLASS. We then assess the performance of MKCLASS only using these 646 "good" or better spectra.
To validate the manual classification, we select the representative spectra and sort them in the sequence of the manually classified luminosity classes in Figure 12 . And the sequence of manually classified spectral subtypes for sample spectra are displayed in each panel.
In the top panel, in which the sequence of spectral subtypes for main-sequence stars are displayed, the features that indicate the change of the spectral sub-types are clearly seen. For instance, He I 4471 are firstly strengthened and then weakened from B1 V (top) to B9 V (bottom). And the most insensitive He I 4471 displays at B3 V, while Mg II gradually strengthens when the spectral types become later. The other He I lines show similar trend to 4471Å line. In the mean time, the Balmer lines become stronger from top to bottom.
The bottom panel shows the sequence of spectral subtypes for supergiants. It is seen that essentially the metal lines such as Si III, Si IV, O II and C II are stronger in supergiant, while Balmer lines are shallower.
The variance of the spectral line features along either the sequence of spectral sub-types or luminosity classes are consistent with Gray & Corbally (2009) . This confirms that the manually inspection and classification of the subsamples of the OB stars is reliable. We compare the spectral sub-types and luminosity sub-types between the manually classification results and those from MKCLASS. Figure 14 shows the histograms of the difference (Manual class-MKCLASS) of the spectral sub-types (top panel) and luminosity classes (bottom panel). For convenience, the numbers are used to represent the spectral sub-type and luminosity subtype, which are 0.1-0.9 for O1-O9, 1.0-1.9 for B0-B9, and 1-5 for I-V, respectively.
We find that, in the top panel, the mean value of the difference (blue dashed line) is at around +0.025, implying that the manual classified spectral sub-type is consistent with the results from MKCLASS. Moreover, the 15% and 85% percentiles in the differences show that the dispersion between the two methods is less than 1 sub-type. This confirms that, statistically, MKCLASS can obtain quite reliable results for most of the OB type stars.
The difference of luminosity class shown in the bottom panel seems more scattered than the spectral subtype, although the mean value of the difference of the luminosity class is also located at around zero. This is reasonable that the features sensitive to luminosity are mostly weak and are not easy to be well investigated in low-resolution spectra. The 15% and 85% percentiles show that the dispersion between the two methods is about one level of luminosity class.
Note from Figure 14 that there are 28 and 52 stars show larger than 3σ difference in the spectral and luminosity type between the manual approach and MK-CLASS. We double-checked these spectra and find that mostly MKCLASS has mistakenly assigned sub-class. Figure 15 shows some samples. The first spectrum misclassified as "B3 V" in MKCLASS is actually a "B8 III" type star according to its weaker He I lines, similar strength between He I 4471 and Mg II 4481Å, and visible weak Si II 4128-30 lines. The second spectrum, which is obviously a "B3 V" star according to there relative stronger He I 4471 than Mg II 4481Å, is misclassified as "F4 V" by MKCLASS. MKCLASS assigns a type of "B5 Ib-II" to the third spectrum, which is actually a "B9 Ib" type star with its weaker He I 4471 and middle strong Mg II 4481Å. The fourth spectrum should be "B3 II" type star with its weaker Balmer lines and weak O II 4070/4076Å, which is mis-classified as " B1 V". MKCLASS assigns "B4 Ib-II" to the fifth spectrum, which should be "B1 V" based on its visible Si IV 4089 and absence of C II 4267.
Nevertheless, statistically, MKCLASS performs pretty well for most of the OB type stars. Misclassifications in a small fraction of samples may be due to the lack of the template OB type spectra in MKCLASS. Indeed, the template spectra are mostly from the stars nearby the Sun, while the LAMOST OB samples distribute in a wide range of Galactocentric radii in the Galactic outer disk. As a consequence, the LAMOST OB stars are in general have lower matellicity than the template providing a radial metallicity gradient (Daflon & Cunha 2004) . Therefore, given the same spectral sub-type (which is a proxy of effective temperature) and luminosity class (a proxy of surface gravity), the corresponding weak metal lines for the observed samples are not necessarily be same as the template spectra. Finally, relatively larger rotation of the early type stars may be another reason to distort the classification.
5. DISCUSSION AND CONCLUSIONS 5.1. Distribution in line indices space Figure 16 shows the distributions of the identified OB stars in He I (4471Å) vs. Hγ (4340Å) plane. It can be seen that the MKCLASS provided spectral sub-types for V and III stars are well arranged as sequences. The later type stars (reddish) are located at the bottomright corner with larger EWs of Hγ and almost no He I lines, while the earlier type stars (bluish) are located the bottom-left corner with both weaker Hγ and He I lines. The "B2 V" and "B3 III" stars show strongest EW of He I among all the spectral sub-types. This is roughly consistent with Gray & Corbally (2009) .
Although the B giants and dwarfs have similar trends in the He I (4471Å) vs. Hγ plane, the locus of the giant stars is roughly located below that of the dwarf stars. This means that given same strength of the H lines, the giant stars have weaker He I lines than the dwarf stars.
It is also noted that a dozen of stars show stronger He I than the majority and thus form a branch at the top of the figure. They should be the He-enhanced stars. Figure 17 shows the distribution of all 21 793 OB spectra in Galactic latitude. While most of them are located in the low Galactic latitudes as expected, 886 of them located at high Galactic latitude (> 20
Spatial distribution
• or < −20 • ), in which few massive stars should be found. Figure 18 shows that the distributions of the OB stars in Galactic latitude larger than 20
• (left panel) and smaller than 20
• (right panel) are substantially different, which may either due to the observational selection effect or hint a different origin of the high Galactic latitude OB stars. The stars located in high Galactic latitude are mostly concentrated between B3 and A0, while the stars located at low Galactic latitude shows more spectral types earlier than B3 and also a substantial O9-B0 branch.
A few channels can explain the high Galactic latitude OB stars. First, some of them are scattered massive stars originally formed in the disk (Martin 2004) . Second, some of them may be formed in-situ in the halo (Keenan et al. 1986 ). Third, some are evolved stars such as blue horizontal branch stars or post-AGB stars (Tobin 1987) . To better distinguish the nature of them, a medium or high spectral resolution observation is required.
Summary
In this work, we identify 22 901 OB type spectra of 16 032 stars from LAMOST DR5 dataset by filtering the EWs of spectral lines and manual inspection. A test with 5 000 randomly selected subsamples shows that the identified OB samples can be complete to about 89±22% for OB stars earlier than B7 with g-band signal-to-noise ratio larger than 15.
We apply MKCLASS to classify the identified OB stars into sub-classes and finally obtain sub-classes for 16 782 OB stars. 89 are marked as "Unclassifiable" and 4 922 are marked as question marks. These are likely because that the template spectra in MKCLASS may not match the observed spectra due to different metallicity or bad pixels in the observed spectra. An independent manual classification is conducted to 646 OB stars for validation. We find that the two results are quite similar with dispersion of about 1 sub-type in spectral sub-type and about 1 level in luminosity class. We then conclude that for most OB stars MKCLASS can give quite reliable results, while a few of them may be mis-classified.
The spatial distribution in Galactic coordinates shows that while most of the OB stars are located at low Galactic latitude. The spectral classes for the high Galactic latitude OB stars are substantially different with those located in the low Galactic latitude, which may either due to the observational selection effect or hint a differ- • .
ent origin of the high Galactic latitude OB stars. These high Galactic latitude OB stars are particularly interesting in the sense that their origin is not clear. According to previous studies, some of these stars are likely the runaway stars scattered from the disk population and a few of them should be low-mass evolved BHB or post-AGB stars. It is worthy to follow up with high spectral resolution observations for these samples in future.
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